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frequencies of anatomical variants of the hepatic artery were evaluated based on the classification proposed by Michels' in 1966 . The findings was compared and correlated with operative data. Results: Type I variant was seen in 43 patients (64.2) and variants were seen in other 24 patients (35.8%). We found seven patients with type II variant, 11 patients with type III variant, two patients with type V variant, and two patients with VI variant. There were two patients with type variants did not fit Michels' classification. In 55 patients, the surgical findings concurred with 64 MDCT angiography findings (100%). Conclusion: 64 MDCT angiography is an effective, high-resolution, noninvasive imaging technique that readily demonstrates the hepatic arterial map with direct impact on treatment decisions including patient selection for hepatic resection.
Introduction
Partial liver resection for living donor transplantations and treatment of hepatic tumors is a major surgical undertaking, and detailed knowledge of the hepatic angioarchitecture is essential to ensure safe and successful liver surgery (1) . Preoperative knowledge of variant anatomy can assist in the selection of treatment options, facilitate surgical dissection, and help avoid iatrogenic injury (2) . The role of CT angiography (CTA) in determining tumor respectability in patients with hepatobiliary malignancy has been described (3). Three-dimensional MDCT angiography is accurate for classification of hepatic arterial anatomy before hepatic resection (4) .
The purpose of our study was to present the frequency of normal and other variant of hepatic arteries in patients who are scheduled to undergo hepatic resection using 64-row MDCT angiography.
Patients and methods

Patients
The study was approved by the institutional research ethics review committee. This study included 67 patients (36 women and 31 men; mean age, 45.2 years). They were 33 with hepatocellular carcinoma, 21 with solitary metastases, seven potential donors for liver transplantation, five with gaint haemangiomas, and one with large primary Non-Hodgkin lymphoma. Written informed consent was obtained from all subjects. This work does not include donors of the previous study (5) . All patients underwent pre contrast and triphasic study using 64 multi-detector CT scanner.
CT technique
CT scans were performed by using a 64 MDCT scanner (Brilliance 64, Philips). The pre-contrast series was taken by using a 5 mm slice thickness. The post-contrast study was done using 120 ml of low osmolar non-ionic contrast medium (ioversol, Optiray 350) at a flow rate of 5 ml/sec, then the CT scan was performed with the following acquisition parameters 200 mAs, 120 kVp, 512 · 512 matrix, 1.172 pitch, 64 · 0.625 mm section collimation, 2 mm slice thickness, 0.6 mm reconstruction increment. Patients were requested to hold their breath during the precontrast phase and the three phases of acquisition for 8 s each. Automated bolus tracking with bolus detection at the level of the descending aorta above the diaphragm ensured accurate timing of the data acquisition in an early arterial phase. For the display of the portal and hepatic venous anatomy, a third CT image set was acquired, with an effective delay of 55-60 s after initiation of the contrast material injection. The whole examination takes about 80 s. Delayed phase was done.
Image processing and interpretation
For the purposes of the study, only the CT data obtained during the arterial phase were transferred to the workstation [Extended Brilliance Workspace V3.5.0.2254] (EBW) for post processing and analysis. Arterial phase images were analyzed. The imaging analysis was based on source images and threedimensional (3D) post processing images [maximum intensity projections and shaded surface display] (MIP and SSD) as well as multiplanar reformation (MPR), for instant overview of the vascular morphology, volume renderings for the final assessment and documentation. Data interpretation was based in conjunction with two hepatic surgeons who were also familiar with the review technique.
The anatomical findings were classified as normal if the common hepatic artery originating from the celiac trunk and the right and left hepatic arteries arising from hepatic artery after gastroduodenal branching were observed. Anatomical variations were grouped according to Michels' classification (6) . Arterial variants not included in Michels' classification were recorded separately. The frequency of various anomalies was calculated. The preoperative findings of multi-detector row CT data sets were compared with intra-operative findings, which served as the standard of reference.
Results
All 67 exams were considered technically adequate and none of the patient data were excluded by the subsequent analysis. Four potential donors were excluded on 64 MDCT examinations. The remaining 63 cases underwent exploratory laparoscopic evaluation. At the time of laparoscopy, 8/63 of the patients were found to have an additional disease that prevent surgical resection; including advanced cirrhosis (n = 3), peritoneal metastases (n = 3) and additional liver metastases (n = 2). The remaining 55/63 patients underwent surgical hepatic resection. In these 55 patients, concordance between the MDCT angiographic and surgical findings was found in all 55 cases (100%).
The normal anatomy was observed in 43 cases (64.2%), while 24 cases (35.8%) showed an anomalous hepatic arterial pattern ( Table 1 ). The anomalies consist of Mickels type II in seven cases (10.4%) ( Fig. 1) , type III in 11cases (16.4%) and type V in two cases (3%) (Fig. 2 ). Type VI occurred in two cases (3%) ( Fig. 3) . We found additional, previously unclassified variations in two cases (3%). Celiac axis and superior mesenteric artery originated from aorta by one opening (Fig. 4) . In the other unclassified variant, replaced RHA from SMA, replaced MHA from celiac trunk and replaced LHA from LGA (Fig. 5) . Table 2 showed the number and incidence of each type in relation to other series reported for MDCT angiography (2, 4, 7, 8) . Table 3 showed the number and incidence of each type in relation to other series reported for DSA (9,10).
Discussion
In the past, patients being evaluated for liver resection underwent conventional angiography as well as cross-sectional imaging with contrast-enhanced CT, MRI, or CT arterial portography so that the number of lesions and their segmental locations, as well as variations in hepatic vascular anatomy, could be determined (11, 12) .
More recently, CT has been combined with 3D CT angiography not only for the depiction of the hepatic vascular anatomy but also for the assessment of the number of lesions and their size, segmental location, and hypervascularity (3, 13) .
The technological development of the multidetector computed tomography (MDCT) scanner allows not only a more rapid acquisition of axial images but also volumetric scanning in a desired anatomic area during selected phases of contrast enhancement. MDCT angiography (MDCTA) has become an established noninvasive imaging method to define vascular anatomy and pathology affecting vascular structures, as well as for presurgical treatment planning (14, 15) .
The advent of 64-row MDCT, thanks to isotropic spatial resolution, the extremely fast CT data acquisition, and the consequent optimization of enhancement, has made MDCT invaluable in the evaluation of vascular arterial anatomy, and in particular the splanchnic vessels (7) . Our study coincides with this finding, as all examination 67 cases have adequate depiction of the hepatic arterial supply up to the segmental branches.
Michels' classic autopsy series of 200 dissections, published in 1966, defined the 10 basic anatomic variations in hepatic LGA, left gastric artery; RHA, right hepaticartery; MHA, middle hepatic artery; SMA, superior mesenteric artery; CHA, common hepatic artery; Repl., replaced; Acc., accessory; NA, not applicable. arterial supply have served as the benchmark for all subsequent contributions in this area (6) .
The so-called classic pattern and branches of the hepatic artery (Michels' type I) was reported in 50-80% of patients (2, 4, (7) (8) (9) (10) . In outer study, type I was detected in 64.2%. This is in agreement with De Cecco et al., who used 64 MDCT, as in our study. Also, percentage of non-classified anomalies coincides with this study (7) . The difference of reported anomalies between our study and other reported in Tables 2 and 3 mostly due to the difference of MDCT (2, 4, 8) or the technique (9, 10) . Our study showed high incidence in types II (10.4%) and III (16.4) with relative lower rates of accessory hepatic artery than other series (2,4,7-10) ( Tables 2 and 3) . This difference might be due to small number of our study or due to population variability.
Types IV, VIII, IX and X were not reported by our study. This is in agreement with Coskun et al. (8) . Also, Stemmler et al. reported very low incidence of these types (4). These coordination are mostly due to relatively small number in these series.
Our study shows that hepatic CT angiography with MDCT technology is feasible and accurate in identifying specific hepatic arterial variants, a conclusion that is corroborated by several studies in which either conventional angiographic or surgical findings served as the reference standard (2, 4, 7, 8, 16, 17) .
Takahashi et al. (13) and Sahani et al.
(3) compared 4-MDCT angiography with conventional angiography in patients undergoing preoperative evaluation. The accuracy of MDCT angiography in identification of arterial variants in the two studies proved to be 97% and 98%, respectively, similar to our 100% accuracy. Moreover, our study shows segmental branches more than these previous studies with high spatial resolution.
Conclusion
Preoperative knowledge of the range of hepatic arterial anomalies and their specific frequencies is of greater importance in the planning and performance of hepatic resection. The new generation of 64 MDCT angiography permits comprehensive and accurate assessment of the hepatic vascular anatomy in liver resection. Data are presented as percentages of cases studied. NA, not applicable.
